Introduction {#s1}
============

Low-value medical practices are medical practices that are either ineffective or that cost more than other options but only offer similar effectiveness ([@bib70]; [@bib68]; [@bib76]). Such practices can result in physical and emotional harm, undermine public trust in medicine, and have both an opportunity cost ([@bib46]) and a financial cost ([@bib72]; [@bib6]). Identifying and eliminating low-value medical practices will, therefore, reduce costs and improve care.

Medical reversals are a subset of low-value medical practices and are defined as practices that have been found, through randomized controlled trials, to be no better than a prior or lesser standard of care ([@bib70]; [@bib68]). It can, however, be difficult to identify medical reversals. For example, Cochrane reviews provide high-quality evidence on medical practices ([@bib30]), but each review focuses on only one practice and many practices have not been reviewed by Cochrane. The Choosing Wisely initiative in the US maintains a list of low-value medical practices, but it relies on medical organizations to report such practices and often includes only those practices where there is a high degree of consensus ([@bib6]).

Here we report how a systematic search of randomized controlled trials in three leading medical journals -- the Journal of the American Medical Association (JAMA), the Lancet, and the New England Journal of Medicine (NEJM) -- identified 396 medical reversals. It is our hope that, by building on previous efforts in this area ([@bib70]), this list will help others to eliminate the use of these practices.

Results {#s2}
=======

We reviewed JAMA and the Lancet between 2003 and 2017, and NEJM between 2011 and 2017, and identified a total of 7036 original articles ([Figure 1](#fig1){ref-type="fig"}; 2911 in JAMA, 2624 in the Lancet, and 1501 in NEJM). There were 3017 articles reporting the results of randomized control trials regarding a medical practice, and these articles were further coded for novelty/establishment and whether the outcomes were positive, negative, or inconclusive. After excluding studies that were novel (n = 1373) or established with positive or inconclusive outcomes (n = 1229), there were 415 (14%) studies identified as tentative medical reversals. After a search of systematic reviews to refute these tentative reversals, 19 were excluded, leaving a total of 396 medical reversals (6% of all original articles and 13% of all randomized trials).

![Flowchart of selection process to identify included randomized trials.](elife-45183-fig1){#fig1}

Many of these 396 reversals had been the subject of systematic reviews: in 209 cases (53%) the systematic review confirmed that the medical practice in question was indeed a medical reversal; in 109 cases (28%) the results of the systematic review were inconclusive; and for 78 cases (20%) there was no systematic review. 154 of the reversals (39%) were found in JAMA, 129 (33%) were found in NEJM, and 113 (29%) were found in Lancet.

Reversal study characteristics are described in [Table 1](#table1){ref-type="table"}. Most studies (92%, n = 366) were conducted on populations in high-income countries, whereas 8% (n = 30) were done in low- or middle-income countries, including, but not limited to China, India, Malaysia, Ghana Tanzania, and Ethiopia. Cardiovascular disease was the most common medical category (20%, n = 80), followed by public health/preventive medicine (12%, n = 48), and critical care (11%, n = 45). Regarding the type of intervention, medication was the most common (33%, n = 129), followed by a procedure (20%, n = 81), vitamin/supplement (13%, n = 53), device (9%, n = 35) and system intervention (8%, n = 30). The breakdown of funding categories were as such ([Supplementary file 1](#supp1){ref-type="supplementary-material"}): 253 (63.9%) were from non-industry sources only; 88 (22.2%) were from a combination of industry and non-industry sources; 36 (9.1%) from industry only sources; and 3 (0.8%) from non-industry sources plus insurance company (n = 2) or a development bank (n = 1). There were 16 (4.0%) studies that we could not find the source of funding.
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###### Characteristics of the included reversal studies from JAMA (2003--2017), Lancet (2003--2017), NEJM (2011--2017).

                                              JAMA (n = 154)   Lancet (n = 113)   NEJM (n = 129)   Total (N = 396)
  ------------------------------------------- ---------------- ------------------ ---------------- -----------------
  **Economic status of studied population**                                                        
  High-income                                 152 (99%)        93 (82%)           121 (94%)        366 (92%)
  Low- and middle-income                      2 (1%)           20 (18%)           8 (6%)           30 (8%)
  **Intervention type**                                                                            
  Medication                                  49 (32%)         36 (32%)           44 (34%)         129 (33%)
  Procedure                                   22 (14%)         22 (19%)           37 (29%)         81 (20%)
  Vitamins/supplements/food                   34 (22%)         11 (11%)           8 (6%)           53 (13%)
  Device                                      15 (10%)         12 (11%)           8 (6%)           35 (9%)
  System intervention                         13 (8%)          12 (11%)           5 (4%)           30 (8%)
  Optimize                                    5 (3%)           5 (4%)             13 (10%)         23 (6%)
  Behavioral therapy                          6 (4%)           4 (4%)             2 (2%)           12 (3%)
  Screening test                              3 (2%)           4 (4%)             2 (2%)           9 (2%)
  Treatment algorithm                         1 (1%)           3 (3%)             5 (4%)           9 (2%)
  Diagnostic instrument                       2 (1%)           2 (1%)             2 (2%)           6 (2%)
  Radiation                                   2 (1%)           1 (1%)             2 (2%)           5 (1%)
  Over-the-counter medication                 2 (1%)           1 (1%)             1 (1%)           4 (1%)
                                                                                                   
  **Medical Discipline**                                                                           
  Cardiovascular disease                      21 (14%)         15 (13%)           44 (34%)         80 (20%)
  Public health/preventive medicine           32 (20%)         13 (12%)           3 (2%)           48 (12%)
  Critical care medicine                      18 (12%)         6 (5%)             21 (16%)         45 (11%)
  Obstetrics and gynecology                   13 (8%)          13 (12%)           10 (8%)          36 (9%)
  Neurology/neurosurgery                      7 (5%)           10 (9%)            8 (6%)           25 (6%)
  Oncology                                    7 (5%)           12 (11%)           4 (3%)           23 (6%)
  Orthopedic                                  15 (10%)         5 (4%)             3 (2%)           23 (6%)
  Pulmonary disease                           6 (4%)           11 (10%)           5 (4%)           22 (6%)
  Pediatrics                                  2 (1%)           6 (5%)             7 (5%)           15 (4%)
  Gastroenterology/hepatology                 6 (4%)           3 (4%)             4 (3%)           13 (3%)
  Endocrinology, diabetes, metabolism         7 (5%)           0 (0%)             5 (4%)           12 (3%)
  Psychiatry                                  4 (3%)           5 (4%)             1 (1%)           10 (3%)
  Nephrology                                  4 (3%)           4 (4%)             2 (2%)           10 (3%)
  Infectious disease                          2 (1%)           3 (3%)             3 (2%)           8 (2%)
  Surgery                                     2 (1%)           2 (2%)             4 (3%)           8 (2%)
  Urology                                     3 (2%)           3 (3%)             1 (1%)           7 (2%)
  Allergy and immunology                      1 (1%)           0 (0%)             2 (2%)           3 (1%)
  Anesthesiology                              1 (1%)           2 (2%)             1 (1%)           4 (1%)
  Rheumatology                                2 (1%)           0 (0%)             1 (1%)           3 (1%)
  Ophthalmology                               1 (1%)           0 (0%)             0 (0%)           1 (\<1%)

Column percentage may not add up to 100% because of rounding.

[Table 2](#table2){ref-type="table"} summarizes 20 selected medical reversals. The selected examples were chosen to represent various types of practices in various medical disciplines over the full years that we did the analysis. [Supplementary file 2](#supp2){ref-type="supplementary-material"} contains a full list of reversal summaries. [Figure 2](#fig2){ref-type="fig"} shows the percent of articles that are in each journal, by medical specialty.

![Percent of medical reversals in each medical specialty, by journal: JAMA (2003--2017), Lancet (2003--2017), NEJM (2011--2017).](elife-45183-fig2){#fig2}
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###### Selected reversal summaries from JAMA (2003--2017), Lancet (2003--2017), NEJM (2011--2017).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  RCT and medical discipline                                                                                                                                                                                                                                              Reversal summary                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Systematic review conclusion
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Morris et al. 2016.\                                                                                                                                                                                                                                                    Both the American College of Obstetricians and Gynecologists and Royal College of Obstetrics and Gynaecology support and/or recommend immediate delivery for women with ruptured membranes who are 34 weeks or greater ([@bib60]). Neonatal infection is a major concern in when there has been a ruptured membrane, especially in premature infants ([@bib53]). In this trial, participants assigned to the expectant management group did not have any worse outcomes regarding the primary outcomes of neonatal sepsis (2%; n = 924 in the immediate birth arm vs. 3%; n = 915 in the expectant management arm; RR = 0.8; 95% CI = 0.5--1.3; p=0.37) or neonatal morbidity and mortality (8% vs. 7%; p=0.32) than those assigned to immediate delivery, and had less respiratory distress (p=0.008) and need for mechanical ventilation (p=0.02). This is a reversal of the practice of immediate delivery in women with preterm, pre-labor rupture of the membranes, as it does not lead to less neonatal sepsis.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         2017\. Cochrane review. "We found no clinically important difference in the incidence of neonatal sepsis between women who birth immediately and those managed expectantly in PPROM prior to 37 weeks\' gestation. Early planned birth was associated with an increase in the incidence of neonatal RDS, need for ventilation, neonatal mortality, endometritis, admission to neonatal intensive care, and the likelihood of birth by caesarean section, but a decreased incidence of chorioamnionitis." ([@bib8])
  Immediate delivery compared with expectant management after preterm pre-labour rupture of the membranes close to term (PPROMT trial): a randomized controlled trial. *The Lancet* **387**:444--452. (1/30/2016) \[Obstetrics and gynecology\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

  Edmond et al. 2015. Effect of early neonatal vitamin A supplementation on mortality during infancy in Ghana (Neovita): a randomised, double-blind, placebo-controlled trial. *The Lancet* **385**:1315--1323. (4/4/2015) \[Pediatrics\]                                 Vitamin A deficiency is a public health issue in low-income countries. While multiple trials, including a Cochrane review, have been performed on the effectiveness of vitamin A supplementation in infants in low-income countries, the WHO stated that there was insufficient evidence to make a recommendation on its usage ([@bib33]; [@bib40]). The International Vitamin A Consultative Group (IVACG) supports the use of 50,000 IUs for infants \< 6 months of age ([@bib73]). In this trial based in Ghana, vitamin A supplementation did not lead to a lower mortality rate compared to placebo (24.5/1,000 \[n = 11,474\] vs. 21.8/1,000 \[n = 11,481\] supplemented infants; RR1.12; 95% CI = 0.95--1.33; p=0.18), in newborn infants. This is a reversal of the practice of vitamin A supplementation during the early neonatal period in Africa, as it does not improve mortality.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               2017\. Cochrane review. "Evidence provided in this review does not indicate a potential beneficial effect of vitamin A supplementation among neonates at birth in reducing mortality during the first six months or 12 months of life." ([@bib37])

  Conjee et al. 2011. Sertraline or mirtazapine for depression in dementia (HTA-SADD): a randomised, multicentre, double-blind, placebo-controlled trial. *The Lancet* **378**:403--411. (7/30/2011) \[Psychiatry\]                                                       Sertraline and mirtazapine are commonly prescribed for depression in older adults, and mirtazapine is recommended as a first-line treatment for depression in clinical guidelines, regardless of age ([@bib63]; [@bib21]; [@bib22]; [@bib62]). The results from this trial show that neither sertraline (n = 107; mean difference = 1.17; 95% CI = −0.23 to 2.58; p=0.10) nor mirtazapine (n = 108; mean difference = 0.01; 95% CI = −1.37 to 1.38; p=0.99) improved rates of depression over placebo (n = 111) in those with Alzheimer\'s disease. This is a reversal of the practice of using traditional treatments for depression, such as sertraline or mirtazapine, in patients with Alzheimer's, as depression in this population may have different mechanisms than that of the general population.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   2017\. "We found no significant drug-placebo difference for depressive symptoms. Overall quality of the evidence was moderate because of methodological limitations in studies and the small number of trials." ([@bib65])

  Dennis et al. 2009. Effectiveness of thigh-length graduated compression stockings to reduce the risk of deep vein thrombosis after stroke (CLOTS trial 1): a multicentre, randomised controlled trial. *The Lancet* **373**:1958--1965. (6/9/2009) \[Cardiovascular\]   Compression therapy was first used by German physicians in the late 19th century when they noticed that superficial vein thromboses disappeared after the use of compression bandages ([@bib29]). Compression stockings were used as early as the 1930 s but became widely used after the results of a trial were published in 2000 ([@bib29]). National stroke guidelines recommend use of graduated compression stockings (GCS) to reduce risk of deep vein thrombosis (DVT) and pulmonary embolism ([@bib1]) although there is a lack of clinical trials investigating its use in an acute stroke population. This study compared routine care plus GCS (n = 1265) with routine care plus avoidance of GCS (n = 1262) in patients within 1 week of an acute stroke. The study found that there was no difference in occurrence of symptomatic or asymptomatic DVT between groups (126 \[10%\] in the GCS group vs 133 \[10.5%\] in the control group) and more adverse events (64 \[5%\] vs 16 \[1%\]) in the GCS group. This is a reversal of the use of thigh-length graduated compression stockings to reduce the risk of deep vein thrombosis after stroke.                                                                                                                                                                                                                                                                                                                                            2010\. Cochrane review. 'Evidence from randomised trials does not support the routine use of GCS to reduce the risk of DVT after acute stroke." ([@bib61]) However, this RCT was not included in the review.

  Moss et al. 2006. Effect of mammographic screening from age 40 years on breast cancer mortality at 10 years\' follow-up: a randomized controlled trial. *The Lancet* **368**:2053--2060. (12/9/2006) \[Public health and general preventive medicine\]                  In the past, the American Cancer Society recommended that women between the ages of 40 and 49 get mammograms every 1--2 years ([@bib3]). However, the benefit of mammograms for women under the age of 50 has not been established. 160 921 women aged 39--41 years old were randomly assigned in the ratio of 1:2 to an intervention group of annual mammography to age 48 or to a control group of usual medical care. At a mean follow-up of 10.7 years, there was no significant difference in breast cancer mortality between the intervention and control groups (relative risk 0.83 \[95% CI 0.66--1.04\], p=0.11). This is a reversal of the recommendation of mammographic screening every 1--2 years for women ages 40--49.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         2013\. Cochrane review. "The chance that a woman will benefit from attending screening is small at best, and - if based on the randomised trials - ten times smaller than the risk that she may experience serious harm in terms of overdiagnosis." ([@bib35])

  Kerr et al. 2003. Intrahepatic arterial versus intravenous fluorouracil and folinic acid for colorectal cancer liver metastases: a multicentre randomised trial. *The Lancet* **361**:368--373. (2/1/2003) \[Oncology\]                                                 Colon cancer, one of the most common types of cancer, has a relapse rate, after surgery, of about 50%, with the liver being a common site for metastasis ([@bib54]). Intrahepatic arterial infusion has been used as a method of delivering chemotherapy because it is thought that there would be a higher dose of chemotherapy to cancer cells, while lessoning the side-effects of chemotherapy ([@bib4]; [@bib27]). This trial randomly allocated 290 patients from 16 centers to receive either intravenous chemotherapy (folinic acid 200 mg/m^2^, fluorouracil bolus 400 mg2 and 22 hr infusion 600 mg/m^2^, day 1 and 2, repeated every 14 days) or IHA chemotherapy designed to be equitoxic (folinic acid 200 mg/m^2^, fluorouracil 400 mg/m^2^ over 15 mins and 22 hr infusion 1600 mg/m^2^, day 1 and 2, repeated every 14 days). Median survival in the IHA group was 14.7 months and was 14.8 months in the intravenous group (hazard ratio 1.04 \[95% CI 0.80--1.33\]). This is a reversal of the use of IHA for patients with colorectal cancer liver metastases.                                                                                                                                                                                                                                                                                                                                                                                                                             2011\. Cochrane review. "Currently available evidence does not support the clinical or investigational use of ﬂuoropyrimidine-based HAI alone f or the treatment of patients with unresectable CRC liver metastases: in fact, the greater tumor response rate obtained with this HAI regimen does not translate into a survival advantage over ﬂuoropyrimidine alone SCT." ([@bib56])

  MUST trial group. 2017.\                                                                                                                                                                                                                                                Noninfectious intraocular inflammation, or uveitis, can lead to visual impairment. Currently, there are two treatments commonly used for uveitis; the first approach is through systemic corticosteroids and corticosteroid-sparing immunosuppressive drugs ([@bib42]). The other, more recent approach was approved by the FDA in 2005 and involves surgically implanting fluocinolone acetonide implants ([@bib12]). When systemic therapy (n = 126) and intravitreous implants (n = 129) approaches were compared with one another in a randomized control trial, it was found that after seven years of follow up, those that were randomized to receive implants had poorer visual acuity than the group who were treated with systemic therapy. Change in mean visual acuity from baseline through 7 years was 1.15 in the systemic therapy group and −5.96 in the implant group (between-group difference, −7.12; 95% CI, −12.4 to −2.14; p=0.006). This is a reversal of intravitreous fluocinolone acetonide implants for uveitis.                                                                                                                                                                                                                                                                                                                                                                                                                                                                   None found
  Association Between Long-Lasting Intravitreous Fluocinolone Acetonide Implant vs Systemic Anti-inflammatory Therapy and Visual Acuity at 7 Years Among Patients With Intermediate, Posterior, or Panuveitis. *JAMA* **317**:1993--2005. (5/16/2017) \[Ophthalmology\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Jakicic et al. 2016. Effect of Wearable Technology Combined With a Lifestyle Intervention on Long-term Weight Loss The IDEA Randomized Clinical Trial. *JAMA* **316**:1161--1171. (9/20/2016) \[Public health and general preventive medicine\]                         Wearable technologies have become increasingly popular as tools to assist in weight loss since they can help track physical activity and estimate calorie burn ([@bib67]). This clinical trial randomized adults who were participating in a weight-loss program (including a low-calorie diet, increases in physical activity, group counseling sessions, telephone counseling sessions, text message prompts, and access to study materials on a website) to use a wearable device and accompanying web interface (enhanced intervention group, n = 237) or to a self-monitoring website (standard intervention group, n = 233). The study found that the standard intervention group experienced significantly more weight loss than the enhanced intervention group after 24 months (5.9 kg vs 3.5 kg; difference 2.4 kg; 95% CI, 1.0--3.7; p=0.002). This is a reversal of wearable technology for long-term weight loss.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                2017\. While this review concluded that wearable technology reduces sedentary behavior, there were no SR/MA on whether these devices reduce weight ([@bib82]). This review did not include the RCT.

  Manson et al. 2013. Menopausal Hormone Therapy and Health Outcomes During the Intervention and Extended Poststopping Phases of the Women's Health Initiative Randomized Trials\                                                                                         Postmenopausal hormone replacement therapy (HRT) was initially used in the 1940 s as a way to delay age-related health outcomes, but in the 1970's studies began to emerge showing that the use of HRT, specifically unopposed estrogen, was associated with endometrial cancer. Progesterone was thought to oppose the effects of estrogen and mitigate the excess risk of cancer, so women began to take them again. By the 1990s, HRTs were the most commonly prescribed medications ([@bib10]). The Women's Health Initiative investigated the effects of HRT in postmenopausal women compared to placebo. This paper is an overview of the many health effects of HRT and found that there is a complex pattern of risks and benefits. The authors concluded that HRT is not an appropriate or recommended intervention for the prevention of chronic disease in postmenopausal women.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   2015\. "The current evidence suggests that MHT \[menopausal hormone therapy\] does not affect the risk of death from all causes, cardiac death and death from stroke or cancer." ([@bib7]) Another SR/MA (2016) did not find any cardiovascular benefit to hormone therapy ([@bib51]).
  *JAMA* **310**:1353--1368. (10/2/2013) \[Obstetrics and gynecology\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  \                                                                                                                                                                                                                                                                       \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             \
  Siversten et al. 2006. Cognitive Behavioral Therapy vs Zopiclone for Treatment of Chronic Primary Insomnia in Older Adults A Randomized Controlled Trial. *JAMA*** 295**:2851--2858. (6/28/2006) \[Public health and general preventive medicine\]                      Insomnia is a common complaint among individuals age 55 years and older and is associated with reduced quality of life, affective disorders, and increased health service utilization ([@bib80]). Pharmacological interventions are common treatments prescribed by primary care physicians, yet sleep medication has shown to have a small effect size and clinical benefit, and long-term use of the drugs can cause dependency and increased tolerance ([@bib32]). Zopiclone, a non-benzodiazepine sleeping pill, is also associated with next-day sleepiness and traffic collisions ([@bib2]; [@bib59]). Cognitive behavioral therapy (CBT) is the most widely used psychological intervention for insomnia but has limited studies proving its efficacy. This study was the first RCT to compare the effects of nonbenzodiazepine sleep medications with nonpharmacological treatment. The study found that, at 6 months, CBT improved sleep efficiency from 81.4% to 90.1% compared to the zopiclone group, which saw a decrease in efficiency from 82.3% to 81.9%. CBT (n = 18) improved short and long-term sleep outcomes compared to zopiclone and that in most outcomes, zopiclone (n = 16) was no more effective than placebo (n = 12). Zopiclone was no better than placebo in improving symptoms for patients with insomnia. This is a reversal of zopiclone for improving insomnia symptoms.                                                                                                   2012. "There is moderate grade evidence suggesting CBT-I is superior to the non-benzodiazepines zopiclone and zolpidem for improving sleep measures in the short term." ([@bib55])

  Hallstrom et al. 2006. Manual Chest Compression vs Use of an Automated Chest Compression Device During Resuscitation Following Out-of-Hospital Cardiac Arrest: A Randomized Trial. *JAMA* **295**:2620--2628. (6/14/2006) \[Cardiovascular\]                            Out-of-hospital cardiac arrest is generally treated by cardiopulmonary resuscitation (CPR) and the quality and order of resuscitation intervention may have an effect on cardiac and neurological outcomes ([@bib81]). Consistent compressions in CPR is difficult while maintaining quality, and paramedics have been shown to provide shallower, slower compressions over time ([@bib64]). Manual chest compression devices were designed to provide ideal chest compressions. The AutoPulse Resuscitation System is a load-distributing band circumferential chest compression device (LDB-CPR) that received marketing clearance by the FDA in 2002 ([@bib26]). This study compared the use of an LDB-CPR device with manual CPR in EMS care for patients with cardiac arrest that was presumed to be of cardiac origin and that had occurred prior to the arrival of EMS personnel. Automated LDB-CPR devices (n = 394) were associated with worse neurological outcomes and showed a trend toward worse survival compared to manual CPR (n = 373). Comparing LDB-CPR to manual CPR, survival to hospital discharge was 5.8% vs 9.9% (p=0.06). The two best cerebral performance categories at hospital discharge were recorded in 3.1% of LDB-CPR patients compared to 7.5% of manual CPR patients (p=0.006). This is a reversal on the use of automated chest compression devices for resuscitation following out-of-hospital cardiac arrest.                                                          2014\. Cochrane review. "Widespread use of mechanical devices for chest compressions during cardiac events is not supported by this review. More RCTs that measure and account for the CPR process in both arms are needed to clarify the potential benefit to be derived from this intervention." ([@bib11])

  \                                                                                                                                                                                                                                                                       \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             \
  Harris et al. 2013. Universal Glove and Gown Use and Acquisition of Antibiotic-Resistant Bacteria in the ICU A Randomized Trial. *JAMA* **310**:1571--1580. (10/16/2013) \[Critical care\]                                                                              The emergence of antibiotic-resistant bacteria has become a serious public health issue. To help prevent the spread of these organisms, policies recommending contact precautions (e.g. gloves and gowns) were made by the Centers for Disease Control and Prevention ([@bib52]). In this trial, intensive care units (ICUs) were randomized to usual care of ICUs (N = 10) or a protocol where all health care workers are required to wear gloves and gowns for all patient contact (intervention ICUs; N = 10). There was no difference in the acquisition of methicillin-resistant *Staphylococcus aureus* or vancomycin-resistant Enterococcus between ICUs that had universal glove and gown use and those that did not (difference, −1.71 acquisitions per 1000 person-days, 95% CI, −6.15 to 2.73; p=0.57). This is a reversal of requiring that all health care workers in ICUs wear gloves and gowns for all patient contact and when entering a patient room.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      2014. 'Contact precautions did not significantly reduce the VRE acquisition rate." ([@bib19]) This review did not include the RCT.

  Binanay et al. 2005. Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness: The ESCAPE Trial. *JAMA* **294**:1625--1633. (10/5/2005) \[Cardiovascular\]                                                                       Pulmonary artery catheterization (PAC) was introduced in the 1970 s and was adopted nationwide in the ICU and perioperative settings for congestive heart failure ([@bib34]). Although therapies have improved over the years, patients with heart failure still have up to 35--40% one-year mortality rates ([@bib49]). PAC has been questioned for its safety and efficacy. This study investigated the survival rate of patients after PAC (n = 206) or clinical assessment alone (n = 207). They found that PAC increased adverse events (21.9% PAC vs 11.5% clinical assessment; p=0.04) and had no effect on days alive out of the hospital during the first 6 months (133 vs 135 days; HR, 1.00; 95% CI, 0.82--1.21; p=0.99), overall mortality (10% vs 9%; OR, 1.26; 95% CI, 0.78--2.03; p=0.35), and number of days hospitalized (8.7 vs 8.3; HR, 1.04; 95% CI, 0.86--1.27; p=0.67). This is a reversal of PAC for patients with congestive heart failure.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           2013\. Cochrane review. "PAC is a diagnostic and haemodynamic monitoring tool but not a therapeutic intervention. Our review concluded that use of a PAC did not alter the mortality, general ICU or hospital LOS, or cost for adult patients in intensive care." ([@bib71])

  Schoor et al. 2003. Prevention of Hip Fractures by External Hip Protectors A Randomized Controlled Trial. *JAMA* **289**:1957--1962. (4/16/2003) \[Orthopedic\]                                                                                                         Hip fractures affect millions of people annually and external hip protectors were designed to absorb the impact of a fall to prevent fractures. There were a number of RCTs investigating external hip protectors and hip fracture prevention showing with mixed results, ([@bib13]; [@bib48]; [@bib66]) yet protectors were still regularly prescribed in practices ([@bib85]). This study found that prescribing a hip protector was not effective in preventing hip fractures in elderly persons aged 70 years and older compared to risk and bone health information. There were 18 fractures in the intervention group (n = 276) compared to 20 fractures in the control group (n = 285; p=0.86). This is a reversal of external hip protectors for preventing fractures in elderly persons in institutional homes.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      2014\. Cochrane review. After excluding studies with high risk of bias, this Cochrane systematic review found that hip protectors did not have a significant effect on risk of hip fractures in institutional settings ([@bib75]).

  Coleman et al. 2012. A Randomized Trial of Nicotine-Replacement Therapy Patches in Pregnancy. *NEJM* **366**:808--818. (3/1/2012) \[Obstetrics and gynecology\]                                                                                                         Cigarette smoking during pregnancy increases the risks of pregnancy complications, as well as the chance of delivering a low-birth-weight or preterm baby. Despite these risks, approximately 6% to 22% of pregnant women in high-income countries smoke, making cigarette smoking one of the leading causes of adverse pregnancy outcomes ([@bib16]). Behavioral counseling is recommended for pregnant smokers, ([@bib50]) as is nicotine-replacement therapy, which is recommended by several guidelines ([@bib17]). In the SNAP trial (N = 1050), pregnant smokers receive behavioral counseling and were randomly assigned to either a standard course of nicotine patches or placebo. In this trial, it was found that a nicotine patch was no more effective than placebo in helping pregnant women to quit smoking(9.4% and 7.6%, respectively; unadjusted odds ratio with nicotine-replacement therapy, 1.26; 95% confidence interval, 0.82 to 1.96). This is a reversal on nicotine replacement therapy patches in pregnancy.                                                                                                                                                                                                                                                                                                                                                                                                                                                                       2015\. Cochrane review. \"NRT \[Nicotine Replacement Therapy\] used in pregnancy for smoking cessation increases smoking cessation rates measured in late pregnancy by approximately 40%. There is evidence, suggesting that when potentially-biased, non-placebo RCTs are excluded from analyses, NRT is no more effective than placebo. There is no evidence that NRT used for smoking cessation in pregnancy has either positive or negative impacts on birth outcomes ([@bib18]).

  Nicolaides et al. 2016. A Randomized Trial of a Cervical Pessary to Prevent Preterm Singleton Birth. *NEJM* **374**:1044--1052. (3/17/2016) \[Obstetrics and gynecology\]\                                                                                              The transvaginal placement of a silicone pessary is often recommended for pregnant women with a short cervix given their increased risk of spontaneous delivery prior to 34 weeks of gestation. It is believed that this device reduces direct pressure on the cervix and prolongs pregnancy ([@bib5]). This randomized trial compared spontaneous preterm births among women with pessaries with those who underwent expectant management and found that the pessary had no significant effect on the rate of preterm delivery (12.0% and 10.8%, respectively; odds ratio in the pessary group, 1.12; 95% confidence interval, 0.75 to 1.69; p=0.57). This is a reversal on a cervical pessary to prevent preterm singleton birth of women 16 years or older with a cervical length of 25 mm or less.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        2017\. "In singleton pregnancies with a \[transvaginal ultrasound cervical length\] TVU CL ≤ 25 mm at 200--246 weeks, the Arabin pessary does not reduce the rate of spontaneous preterm delivery or improve perinatal outcome." [@bib74]

  Shroyer et al. 2017. Five-Year Outcomes after On-Pump and Off-Pump Coronary-Artery Bypass *NEJM* **377**:623--632. (8/17/2017) \[Cardiovascular\]                                                                                                                       Observational studies in the 1990s showed an association between off-pump coronary-artery bypass and better early clinical outcomes compared to on-pump, and the practice of performing coronary-artery bypass surgery on a beating heart repopularized ([@bib15]). Yet randomized controlled trials have not been able to show efficacy in off-pump surgeries and suggested that incomplete revascularization was more frequent with off-pump surgery ([@bib39]). This follow-up study (n = 2203) found that 5 year outcomes of death from any cause (relative risk, 1.28; 95% confidence interval \[CI\], 1.03--1.58; p=0.02) and any major adverse cardiovascular events (relative risk, 1.14; 95% CI, 1.00--1.30; p=0.046) were worse for patients who underwent coronary-artery bypass surgery off-pump compared to on-pump. This is a reversal of off-pump coronary-artery bypass.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      2018\. "This meta-analysis represents a comprehensive summary of RCTs comparing OPCABG to ONCABG. Our results showed that OPCABG was associated with no reduction in operative risk, an excess mortality at follow-up\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        ≥3 years, and a trend toward higher risk of repeated revascularization.' ([@bib31])\

  Friedly et al. 2014. A Randomized Trial of Epidural Glucocorticoid Injections for Spinal Stenosis.* NEJM* **374**:11--21. (7/3/2014) \[Neurology\]                                                                                                                      The treatment of symptomatic lumbar stenosis has included epidural glucocorticoid injections ([@bib38]). This treatment is frequently prescribed by physicians to treat lumbar stenosis and other conditions, with an estimated 25% of the Medicare population and 74% of patients at the Veteran's Administration being prescribed this treatment. As the usage of glucocorticoid injections increased to treat various ailments, so did the cost. From 1994 to 2001 there was a 271% growth in usage of the treatment, and the cost went from \$24 million to over \$175 million ([@bib28]). The LESS trial (N = 441) was designed to compare the effectiveness of epidural injections of glucocorticoids plus anesthetic vs. injections of anesthetic alone. At six weeks after randomization, there were no significant differences in RMDQ scores (used to measure functional disability), (adjusted difference in the average treatment effect between the glucocorticoid--lidocaine group and the lidocaine-alone group, −1.0 points; 95% confidence interval \[CI\], −2.1 to 0.1; p=0.07), or pain intensity, (adjusted difference in the average treatment effect, −0.2 points; 95% CI, −0.8 to 0.4; p=0.48), between the patients treated with glucocorticoids plus lidocaine and those in the lidocaine alone group. This is a reversal of administering epidural glucocorticoid injections in patients who have lumbar central spinal stenosis and moderate-to-severe leg pain and disability.    2015\. AHRQ. "Evidence was limited for epidural corticosteroid injections versus placebo interventions for spinal stenosis (SOE: low to moderate) or nonradicular back pain (SOE: low), but showed no differences in pain, function, or likelihood of surgery." ([@bib14])[@bib57]

  Lamy et al. 2016. Five-Year Outcomes after Off-Pump or On-Pump Coronary-Artery Bypass Grafting. *NEJM* **375**:2359--2368. (12/15/2016) \[Cardiovascular\]                                                                                                              Coronary-artery bypass grafting (CABG) can be performed either with a still heart (on-pump CABG) or without a cardiopulmonary bypass on the beating heart (off-pump). Traditionally, surgeons performed surgery on the arrested heart, on-pump CABG, which allowed for increased surgical precision ([@bib79]). However, surgeons grew concerned that the cross clamping of the aorta, necessary for the on-pump CABG procedure, may be harmful to patients and increase mortality and risk of stroke or other systemic embolic events in these patients. The off-pump method, operating on a beating heart, was developed to decrease the perioperative risks ([@bib36]). However, the clinical literature reported different results about the relative efficacy of off-pump CABG as compared with on-pump CABG ([@bib47]). The CORONARY trial (n = 4752) compared on-pump and off-pump CABG surgery in patients with coronary heart disease. This follow up study on the results of the CORONARY trial found the after 4 years, patients who underwent on-pump and off-pump CABG has similar rates of outcomes of death, stroke, myocardial infarction, renal failure, and repeat revascularization (23.1%% and 23.6%, respectively; hazard ratio with off-pump CABG, 0.98; 95% confidence interval \[CI\], 0.87--1.10; p=0.72). The costs between the two treatments was similar as well. This is a reversal of off-pump coronary-artery bypass grafting.                                                 2018\. "Off-pump CABG increases long-term (≥5 years) mortality compared with on-pump CABG, based on a meta-analysis of eight medium- to large-size RCTs enrolling a total 8780 patients.' ([@bib83])\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        2012. Cochrane review. \"Our systematic review did not demonstrate any significant benefit of off-pump compared with on-pump CABG regarding mortality, stroke, or myocardial infarction. In contrast, we observed better long-term survival in the group of patients undergoing on-pump CABG with the use of cardiopulmonary bypass and cardioplegic arrest. Based on the current evidence, on-pump CABG should continue to be the standard surgical treatment. However, off-pump CABG may be acceptable when there are contraindications for cannulation of the aorta and cardiopulmonary bypass. Further randomised clinical trials should address the optimal treatment in such patients.\" ([@bib57]) This review precedes study.\

  \                                                                                                                                                                                                                                                                       Clinicians who suspect a tear in the meniscus may refer patients either to a surgeon for arthroscopic partial meniscectomy or to physical therapy. This procedure is frequently done in the United States; one estimate is that more than 465,000 patients receive this procedure annually ([@bib9]). Given the frequency and cost of arthroscopic partial meniscectomy and lack of concrete evidence on the clinical benefit of the procedure, the METEOR trial was designed to assess the efficacy of arthroscopic partial meniscectomy surgery as compared with a physical-therapy for increasing physical function of patients with a meniscal tear and moderate osteoarthritis ([@bib44]). METEOR found that there was not a significant decrease in the WOMAC score---a measure of physical function in which a higher score means worse physical function---between the patients undergoing surgery and those receiving initial physical therapy. The WOMAC score after 6 months was 20.9 points (95% confidence interval \[CI\], 17.9 to 23.9) in the surgical group and 18.5 (95% CI, 15.6 to 21.5) in the physical-therapy group (mean difference, 2.4 points; 95% CI, −1.8 to 6.5). The authors conclude that the finding of the METEOR trial advocates for an initial nonoperative strategy for treatment. This is a reversal of surgery for a meniscal tear detected on magnetic resonance imaging (MRI) and osteoarthritis in patients 45 year of age or older.                                 2016\. "Further evidence is required to determine which patient groups have good outcomes from each intervention. Given the current widespread use of arthroscopic meniscal surgeries, more research is urgently needed to support evidence-based practice in meniscal surgery in order to reduce the numbers of ineffective interventions and support potentially beneficial surgery." ([@bib58])
  Katz et al. 2013. Surgery versus Physical Therapy for a Meniscal Tear and Osteoarthritis. *NEJM* **368**:1675--1684. (5/2/2013) \[Orthopedic\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Discussion {#s3}
==========

Here we present a broad and extensive list of established medical practices found to be ineffective in randomized control trials. This list represents practices from all disciplines of medical care. These practices add to a previously reported list of 146 medical reversals published during years 2001--2010 ([@bib70]).

Efforts to identify low-value practices are numerous. In the US Choosing Wisely initiative began by asking members of each medical specialty to provide a list of the top five diagnostic tests or treatments that are expensive and have evidence showing a lack of benefit ([@bib76]): similar initiatives have been implemented in other countries ([@bib20]). Some have performed systematic searches of the scientific databases using key words ([@bib20]). Others have used a multiplatform attempt, consisting of searching the peer-reviewed literature, insurance and health organization databases, and opportunistic samplings of knowledgeable experts in the field ([@bib24]). Each of these ways to identify medical reversals or low-value practices has advantages and disadvantages, but identifying these practices can be challenging because of their heterogeneity, the lack of established methods to identify these practices, the difficulty in applying them to the correct population or subpopulation, and the obstacle of prioritizing which practices are more or less low-value ([@bib25]).

Prior work by Schwartz and colleagues approximated the financial costs of 26 low-value services that are more commonly used in the older adult population ([@bib77]). They estimated that spending for these services in the Medicare population was between \$1.9 and \$8.5 billion during 2008--2009, which was between 0.6% and 2.7% of Medicare Parts A and B spending. In their analysis, at least 25% of Medicare beneficiaries received low-value services during 2008--2009. These results are especially notable considering the authors only used the 26 most commonly used low-value services. In contrast, the ubiquity of medical reversals has been previously reported upon in the NEJM, where 146 practices were identified as medical reversals over a decade ([@bib70]). Here, we hope to add to the prior efforts of others in providing a larger and more comprehensive list (396 practices in total) for clinicians and researchers to guide practice as they care for patients more effectively and more economically.

We found reversals in a variety of medical sub-fields and types of devices, procedures, or practices. These reversals had been practiced and tested in high-income as well as low- to middle-income countries, although the highest percentage of reversals was in high-income countries, likely because most randomized trials are performed in this setting. In countries like the US, where there was a 20% increase in spending between 2013 and 2015, and drug prices alone surpassed the increase in aggregate health care spending ([@bib45]), the identification and disuse of costly and ineffective (or possibly harmful) medications and practices are especially important. For example, bevacizumab (Avastin) was approved in 2008 by the Food and Drug Administration (FDA) in the US for metastatic breast cancer under the accelerated approval program, but was later shown to not improve overall survival ([@bib86]), even though the cost to each patient was \$88,000 per year ([@bib78]). Consequently, the FDA approval for that indication was withdrawn in November 2011 ([@bib86]).

Reversals were not just limited to practices performed by physician or health care providers only. Many reversals involved practices where the physician was a 'gatekeeper' to access these practices, but some were practices where the patient could access on their own, such as behavioral practices (e.g., cognitive behavioral therapy or mindfulness interventions), complementary or non-traditional practices (e.g., acupuncture), dietary supplements (e.g. omega-3 fatty acids or vitamin A supplementation), community practices (e.g., programs to prevent teenage pregnancy or self-poisoning), or wearable technology. Wearable technology has become especially popular among people who are interested in tracking their physical activity in an effort to lose weight. A study on the use of wearable technology, however, found that weight loss was significantly less among the group that had access to wearable technology, compared to the group that did not ([@bib43]). With increasing availability of healthcare interventions that are readily accessible to everyone without a prescription, there needs to be greater discussion on whether these work between patients and physicians, as well as discussion on the regulation of these interventions.

13% of all randomized trials were medical reversals: this is slightly higher than a previous report based on an analysis of just one journal. There was some variation in the percentage of trials published in each journal that reported on practices considered as a medical reversal, ranging from 29% (113/396) for Lancet to 39% (154/396) for JAMA.

Finally, reversals highlight the importance of independent, governmental and non-conflicted funding of clinical research. The majority of reversal studies we found were funded by such sources (63.9%), with a minority funded solely by the industry (9.1%). Conversely, industry funded research represented between 35--49% of trials registered on ClinicalTrials.gov during years 2006 through 2014 ([@bib23]).

Strengths and limitations {#s3-1}
-------------------------

There are several strengths and limitations to this paper. First, we looked at just three journals (each of which has a high impact factor). Results may not be broadly generalizable to all journals or fields, and reversals in our list could be affected by the editors' decision to publish or not publish a given article. Second, documented evidence of the use of a newer practice was sometimes easier to find because it had come about during a time when there was more internet use. Conversely, documented evidence of an older practice was sometimes easier to find because there had been more historical commentary about its use. Because of this, newer or more recent practices may be more or less likely to be categorized as established than older or less recent practices. Third, others may categorize results differently, depending on background expertise of the investigators.

To help overcome this limitation, physicians in the clinical setting from a range of backgrounds were invited to review and comment on practices identified as reversals. Our dataset is presented in full in [Supplementary file 2](#supp2){ref-type="supplementary-material"}. It is inevitable that others may feel differently and choose to reclassify some of our examples. We hope our work may serve to enhance and expand upon other efforts to identify and disincentivize low-value practices. Fourth, we relied on the study authors' point of view on whether the results were positive or negative, and there may be reasonable differences of opinion regarding the interpretation of some studies. Fifth, we did not evaluate the quality of the meta-analysis used to confirm or refute the medical reversal. However, we tried to find the most recent review that was published in either Cochrane or medical journal (for that specialty) to confirm or refute the reversal. Finally, our definition of established may be broad in that we did not limit established practices to only those that were being used widespread, in part because once a practice has been adopted, even intermittently, it is difficult to get patients and patients to abandon this practice. We did, however, maintain that proof of establishment needed to codified into guidelines or be one for which we could prove use outside of a clinical trial or clinical protocol. Additionally, multiple physicians reviewed each practice to confirm that these practices were indeed reversals.

Our primary research objective was to compile a comprehensive review of medical reversals for the benefit of both medical professionals and lay persons. This type of work is fundamentally descriptive and does not seek to test a binary hypothesis. Nevertheless, there are a number of concepts and lessons that may be realized from the results. The breadth of reversals across the various fields of medicine emphasize the importance of conducting randomized trials for both novel and established practices. While it may impractical, if not impossible, to test every medical practice in a randomized setting, there are many testable practices that are adopted based on nonrandomized data or bio plausibility. There is a danger in expediting treatments into practice without data proving their efficacy. Once an ineffective practice is established, it is difficult to convince practitioners to abandon its use; eliminating a reversal from standard practice occurs slowly and with resistance ([@bib69]; [@bib84]). By aiming to test novel treatments before they are widespread, we can reduce the number of reversals in practice and prevent harms to patients and to the reputation of the medical field. We hope these findings propel medical professionals to critically evaluate their own practices and, going forward, demand high-quality research before adopting a practice, especially for practices that are costlier and/or more aggressive than standard of care.

Conclusions {#s4}
===========

We have identified 396 medical reversals spanning different types of medical disciplines, types of interventions, and populations. The de-adoption of these and other low-value medical practices will lead to cost savings and improvements in medical care.

Methods {#s5}
=======

Aim of study {#s5-1}
------------

We sought to compile a list of medical reversals that appeared in three leading general medical journals during a 15 year period.

Search strategy {#s5-2}
---------------

We used methods similar to our prior survey of 10 years of publications in one high-impact journal ([@bib70]). We reviewed all articles under the headings 'Original Investigation', 'Preliminary Communications', 'Caring for the Critically-Ill Patient', 'Brief Reports', 'Clinical investigations', 'Toward Optimal Laboratory Use', and 'Original Contribution' in JAMA and all articles under the heading 'Articles' in the Lancet from years 2003 to 2017. We reviewed all articles under the heading 'Original Articles' in NEJM from years 2011--2017. The years 2001 to 2010 of the NEJM were previously reviewed and reported ([@bib70]; [@bib68]). The choice of journals was made based on the three general medical journals with the highest 5 year Hirsch index for medical journals (<https://jcr.incites.thomsonreuters.com/JCRJournalHomeAction.action>). This study was conducted from March 1, 2017 through November 11, 2018.

Article inclusion {#s5-3}
-----------------

We identified all randomized trials of a clinical practice, or, in other words, any investigation that assessed screening, diagnostic testing, medication(s), procedure(s), surgery, medical device, treatment algorithms, or any change in health care provision systems. We excluded randomized controlled trials (RCTs) that did not concern a medical practice (e.g. a RCT that tested a biological question, such as the effect of testosterone on muscle mass) or that were individual-level patient meta-analyses.

We then excluded trials of novel practices, defined as practices only used in the confines of clinical trials. Established practices were included and defined as those used regularly outside of research trials. This could include off-label use or use outside of the US.

Next, we excluded trials that reached positive or inconclusive results. An article was considered positive if the trial met its primary endpoint and negative if it failed to meet the primary outcome or if the study measured a hard endpoint (quality of life, mortality, etc.) and failed to show statistical superiority over a prior or lesser standard of practice in the control arm. For non-inferiority or equivalence studies, meeting the pre-specified margin would be considered positive. For studies comparing two established interventions, the more expensive intervention needed to show benefit to be considered positive. Studies were deemed inconclusive if they demonstrated neither clear benefit nor harm (e.g., improved overall survival but no improvement in functional capacity in patients who have had a stroke) or the study was stopped early for reasons other than futility or adverse events.

For each tentative reversal in our dataset, we performed a two-part search to find a systematic review. Meta analyses and/or systematic reviews (MA/SRs) were sought for each RCT designated as a 'reversal' to determine whether the established practice was found to be ineffective across multiple studies. MA/SRs were found by searching, in this order: review articles that cited that trial in Pubmed.gov; review articles that cited the trial in Google Scholar; and then using search terms in Google Scholar. In some cases, MA/SRs were found using the journal website under 'citing articles'. Because of the high-quality review process, Cochrane reviews were first choice for reviews on the article's subject, but if there was no Cochrane review, a meta-analysis from another high-quality journal was used. More recent meta-analyses were prioritized over older meta-analyses on the same topic, and meta-analyses that population-weighted their analyses were prioritized over ones that did not. MA/SRs were categorized as 1) confirming reversal, 2) refuting reversal, 3) insufficient data on reversal, or 4) no MA/SR found. MA/SRs needed to include the RCT in order to be considered as a confirmation of a reversal, and the conclusions needed to be based on results from RCTs only (not on observational or nonrandomized studies). Articles with MA/SRs refuting the reversal were excluded from the final analysis. A table of all confirmed reversals can be found in [Supplementary file 2](#supp2){ref-type="supplementary-material"}.

For all steps of study selection, two reviewers (DH, AH, TC, JG) independently examined information for each article. When there were differences in opinion between the two reviewers, adjudication first involved discussion between the two readers to see whether agreement could be reached. If disagreement persisted, a third reviewer (VP) adjudicated the discrepancy. [Figure 1](#fig1){ref-type="fig"} shows our study selection strategy.

Data abstraction and coding {#s5-4}
---------------------------

Articles were coded by discipline (public health/general preventive medicine, psychiatry, neurology/neurosurgery, radiation oncology, surgery, urology, allergy and immunology, anesthesiology, dermatology, pediatrics, obstetrics and gynecology, ophthalmology, orthopedic surgery, cardiovascular disease, critical care medicine, endocrinology, diabetes, and metabolism, gastroenterology/hepatology, hematology, infectious disease, medical oncology, nephrology, pulmonary disease, or rheumatology) with the option of a secondary discipline, if it could be categorized as more than one, whether the study was done in a high-income country or a low- to middle- income country ([@bib41]), and the type of intervention (medication, procedure, device, screening test, over-the-counter medication, vitamins/supplements/food, behavioral therapy, treatment algorithm, diagnostic instruments, system intervention/quality and performance measure, or optimization). We also abstracted the funding source(s) and categorized the data as industry only, non-industry only, a combination of industry and non-industry sources, or a combination of non-industry and either an insurance company or banking institution. Intervention materials provided by an industry source qualified as having funding support from industry sources.

For all coding, two reviewers (DH, AH, TC, JG) independently extracted information for each article. The aforementioned procedure to resolve disagreement was used.

Four physicians (AC, MH, CL, DM) reviewed all reversals, systematic reviews, and documentation to confirm that the practice was a reversal. Further discrepancies were adjudicated by VP. Thus, our process involved iterative assessment and documentation of practices by a group of researchers and physicians.

Data analysis {#s5-5}
-------------

Data are presented using descriptive statistics. Analyses were conducted using Microsoft Excel and R, package Tidyverse ([@bib87]). This study was not submitted for Institutional Review Board approval because it involved publicly available data and did not involve individual patient data. All abstracted data are included the manuscript and supporting files.
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In the interests of transparency, eLife includes the editorial decision letter and accompanying author responses. A lightly edited version of the letter sent to the authors after peer review is shown, indicating the most substantive concerns; minor comments are not usually included.

Thank you for submitting your article \"A Comprehensive Analysis of Recent Medical Reversals that includes 396 Low-Value Practices in the Biomedical Literature\" for consideration by *eLife*. Your article has been reviewed by three peer reviewers, and the evaluation has been overseen by Eduardo Franco acting as Reviewing Editor and Senior Editor.

As standard practice in *eLife*, the reviewers have discussed their critiques with one another in an online panel moderated by the Reviewing Editor. After consensus was reached, the Reviewing Editor has drafted this decision to help you prepare a revised submission.

Summary:

The authors aimed to identify low-value care or medical reversals from randomized controlled trials (RCT) published in three top-tier medical journals from 2003 to 2017. RCTs were included if they were on an established practice, and then whether the trial had negative results. The authors classified the type of intervention and discipline, and searched for a systematic review on the practice. Identification of medical reversals across disciplines is an enormous task and the authors have done well to carry this out systematically, and created a valuable resource (the list of 396 medical services) for de-adoption efforts. This paper partly overlaps with, but greatly extends the group\'s previous work building a sample of medical reversals.

Essential revisions:

Main issue: All reviewers raised concerns about lack of clarity on the aims of your work. Was your goal to identify practices that could be targeted for de-implementation? If that is the main purpose, this could be stated more clearly and the Discussion could better explain next steps. For example, would there be an additional layer of review before de-implementation campaigns? Are there additional questions that would need to be addressed to advance some of these treatments into a concerted de-implementation plan? The manuscript ended a bit abruptly and there might be a missed opportunity to discuss issues on evidence and whether/how these \"396 medical reversals\" indicate a problem.

1\) The title could be more specific in referring to JAMA, Lancet, NEJM. It is a comprehensive analysis of those three journals, not \'the biomedical literature\' which of course is far broader. The appropriate title can be discussed with the Features Editor.

2\) General: Why was the BMJ not included as the fourth highest general medical journal? The BMJ has a strong track record of publishing work that aligns with the reversal agenda. Also, NEJM and JAMA tend to be very US-centric but both Lancet and BMJ (albeit UK based) tend to me more outward looking to the rest of the world. Given the degree of publication bias that works against reversals coming to light, the BMJ might offer high marginal yield and the fact that it was excluded may have been a missed opportunity. Please elaborate in more detail in the Discussion the choice of journals.

3\) General: Is it possible that the definition of reversals was overly permissive? What might be more compelling is if the authors can document that interventions had been recommended in clinical practice guidelines at some point before the trial result. Or at least- it would be nice if evidence were presented that the intervention was in widespread use. It is possible that some interventions that \"reversed\" were not actually in widespread use and/or recommended.

4\) Abstract: \"This may serve as a starting point for de-adoption efforts and the study of the utilization of these practices.\" This may be one starting point but with the proliferation of other lists (e.g., Choosing Wisely \[CW\]) this is a parallel or adjunct starting point. While this is likely a more robust starting point, the reality is CW lists are front and center right now so are attracting more attention than they probably warrant from an evidentiary basis.

5\) Introduction: Readers would benefit from a definition of reversal as used in this study, and in particular if the focus is on interventions in toto, or their application by/to patient subgroups (e.g., accounting for heterogeneity of treatment effect), or both. This might be gleaned from Table 2 but it needs addressing upfront in main text (probably Introduction).

6\) Introduction: \"...and identifying these practices is a starting point in for reducing cost and improving care.\" Again, with this framing you are missing an opportunity for this paper. There are so many lists of LVC now that identification is less of a challenge, prioritization from the lists perhaps more so, particularly for policymakers. The robust method you have undertaken and results offer as much if not more of a prioritization opportunity, than an identification opportunity. In short, taken in isolation it is identification, but viewed through the bigger picture it offers a prioritization angle, particularly given CW approaches by individual societies have used less formal methods.

7\) Introduction, paragraph two: This paragraph is a bit confusing. It may be difficult to name (or identify?) these practices for many reasons beyond issues with the scope of the Cochrane review database. This should be expanded on.

8\) Introduction, paragraph three:. This paragraph hints at some of the good reasons to go \'beyond\' the CW lists to identify medical reversals, but these probably aren\'t obvious to readers unfamiliar with the campaign and I think really important to justify why a broader search strategy is necessary to identify low-value practices.

9\) Introduction, paragraphs five and six: Referencing and focusing on the earlier study on the identified NEJM RCTs would make more sense here, rather than focus so much on the Schwartz 2014 study since the current article has very different aims/results compared to this paper.

10\) Methods: For the second step (search out of systematic reviews)- how did the authors handle quality of SR/MA as well as instances where SR/MA\'s came to conflicting conclusions?

11\) Results: The aim of the article was to compile a list of medical reversals. This is a challenge for the Results section, because there are many possible descriptive statistics from this list that the authors could choose to present (Table 1) -- none of which is specific to the aim of the article. The Results (and/or Methods) section could improve with justification of why specific results were included.

12\) Results: the paper does not appear to have been driven by a particular hypothesis- which makes it feel more like a gallery or reference work than a research report. It would have helped to give context if hypotheses were articulated and perhaps some relationships tested. For example, one wondered: who funded the \"reversal\" studies? How large were the reversals -- did they tend to barely pull SR estimates over the null, or did they exert decisive effects?

Related to the above- it is not immediately clear to the reader what the message is here. Clearly, it is sometimes important to run randomized trials, since there can be residual uncertainty about efficacy. But there is no point in running trials if something is already proven. So the manuscript leaves lots of questions unanswered- are too many treatments reversed? Is there not enough research aimed at reversals? Does too much time pass between uptake and reversal? What types of interventions are at greater risk of an extended period of \"reversal latency?\" A better concluding paragraph would help pull the piece together. Right now it sort of ends abruptly.

13\) Table 2 (and also the supplementary file 2 with all reversals) would be improved if they clearly stated the authors\' classification of the medical discipline and intervention type. The authors stated this as a potential limitation and potential disagreement/debate with readers in the Discussion, so including these in Table 2 would at least give some insight into the authors\' logic.

14\) The authors also state that they hope the full list of reversals would be a resource for \"de-adoption efforts\", so why not include the medical discipline in the supplementary file. This seems like an easy step to make it much more useful to specialists and policy-makers interested in disinvestment in their area.

15\) It is also not clear how the supplementary file is organised. Why is there a split between the tables and references after intervention 57, 81 and so on? It would be helpful to have some headings or descriptions here. PubMed IDs (PMID) should be added to every entry for ready reference.

16\) Discussion, paragraph three: Makes a really good point about the patient \'accessed\' low-value care/reversals, which hasn\'t been discussed much in the literature before. Adding something about the need for direction/further research here would be useful to highlight this point more (such as how the public accesses or could be more aware of this evidence).

17\) Strengths and limitations: \"Studies were deemed inconclusive if they demonstrated neither clear benefit nor harm.\" The qualifier \'inconclusive\' may not be accounting for poor cost-effectiveness (e.g., inconclusive but at a cost, possibly more than a comparator). And harm is poorly measured in RCTs, certainly in relation to the trial evaluation and definitely in relation to its real world use, i.e., harms are incomprehensively measured, particularly those downstream harms (and costs). An \'inconclusive\' label should place the burden of proof back on the intervention champions/sponsors to prove safety and effectiveness, rather than let it be perceived as benign. Also the Methods section does not speak to trials that involved measures of equivalence or non-inferiority. If an intervention was found clinically equivalent/non-inferior did it evade further scrutiny in this study? An obvious concern here is marginal cost-effectiveness (i.e., EQ/NI but more expensive) or questions about sufficient measuring and reporting of harm. Please clarify.

18\) \"...and the conclusions needed to be based on results from RCTs only (not on observational or nonrandomized studies). Articles with MA/SRs refuting the reversal were excluded from the final analysis.\" But all RCTs are not created equal. Did you carry out quality appraisal and critique? Were RCTs with higher degrees of design rigour (adequate blinding, sham arms, use of appropriate comparator/s etc) offered more weight than those of less rigour? If not then might this mean your methods are quite conservative and therefore specific? (i.e., some of your excluded studies might be false negatives?) The last sentence in \'limitations\' indicates no quality appraisal was conducted. If so this heightens the risk of false negatives, and this would be a major limitation of the study.
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Author response

> Essential revisions:
>
> Main issue: All reviewers raised concerns about lack of clarity on the aims of your work. Was your goal to identify practices that could be targeted for de-implementation? If that is the main purpose, this could be stated more clearly and the Discussion could better explain next steps. For example, would there be an additional layer of review before de-implementation campaigns? Are there additional questions that would need to be addressed to advance some of these treatments into a concerted de-implementation plan? The manuscript ended a bit abruptly and there might be a missed opportunity to discuss issues on evidence and whether/how these \"396 medical reversals\" indicate a problem.

Our main goal is to identify practices so that they can assist in de-implementation efforts. We have added this statement to the Introduction stating our goal. We have also added to the Conclusion by expanding on why the identification of these 396 medical practices is important.

> 1\) The title could be more specific in referring to JAMA, Lancet, NEJM. It is a comprehensive analysis of those three journals, not \'the biomedical literature\' which of course is far broader. The appropriate title can be discussed with the Features Editor.

We have rephrased the wording in the title as has been suggested by the editorial team at *eLife* but are happy to consider others.

> 2\) General: Why was the BMJ not included as the fourth highest general medical journal? The BMJ has a strong track record of publishing work that aligns with the reversal agenda. Also, NEJM and JAMA tend to be very US-centric but both Lancet and BMJ (albeit UK based) tend to me more outward looking to the rest of the world. Given the degree of publication bias that works against reversals coming to light, the BMJ might offer high marginal yield and the fact that it was excluded may have been a missed opportunity. Please elaborate in more detail in the Discussion the choice of journals.

We thank the reviewer for their suggestion and acknowledge that a review of BMJ would have been within the scope of our review. The top three medical journals (NEJM, Lancet, and JAMA) were decided upon in *a priori* discussion with the funder. As such, the funding for this specific project covered time and personnel to review these journals only. This amounted to hundreds of thousands of dollars of expenditure and 7000 person-hours.

> 3\) General: Is it possible that the definition of reversals was overly permissive? What might be more compelling is if the authors can document that interventions had been recommended in clinical practice guidelines at some point before the trial result. Or at least- it would be nice if evidence were presented that the intervention was in widespread use. It is possible that some interventions that \"reversed\" were not actually in widespread use and/or recommended.

This is a fair point. While there is the possibility that our coding of established is overly permissive, we attempted to minimize this. We did so by defining an 'existing practice' to be one that is codified into practice by guidelines, or one for which we could prove use outside of a clinical trial or clinical protocol. Of course, this definition is broad, and the degree to which a practice is used may range from some use to near total use. The solution to this would be to perform an administrative database search for every practice we considered. While this was not in the scope of the current work, it will be done for selected reversals in years to come. We have added this as a limitation to our study.

> 4\) Abstract: \"This may serve as a starting point for de-adoption efforts and the study of the utilization of these practices.\" This may be one starting point but with the proliferation of other lists (e.g., Choosing Wisely \[CW\]) this is a parallel or adjunct starting point. While this is likely a more robust starting point, the reality is CW lists are front and center right now so are attracting more attention than they probably warrant from an evidentiary basis.

You are correct to note this is an adjunct starting point. We have reworded the conclusion here to indicate that these results enhance and expand upon previous efforts (in the Abstract and in the conclusion).

> 5\) Introduction: Readers would benefit from a definition of reversal as used in this study, and in particular if the focus is on interventions in toto, or their application by/to patient subgroups (e.g., accounting for heterogeneity of treatment effect), or both. This might be gleaned from Table 2 but it needs addressing upfront in main text (probably Introduction).

Thank you. Great point. We have clarified the definition for medical reversal in the Introduction.w

> 6\) Introduction: \"...and identifying these practices is a starting point in for reducing cost and improving care.\" Again, with this framing you are missing an opportunity for this paper. There are so many lists of LVC now that identification is less of a challenge, prioritization from the lists perhaps more so, particularly for policymakers. The robust method you have undertaken and results offer as much if not more of a prioritization opportunity, than an identification opportunity. In short, taken in isolation it is identification, but viewed through the bigger picture it offers a prioritization angle, particularly given CW approaches by individual societies have used less formal methods.

We have added to the Introduction that our broad method may permit others to prioritize which efforts of de-implementation. These practices may concern higher cost or more invasive practices, which may arguably be tackled first.

> 7\) Introduction, paragraph two: This paragraph is a bit confusing. It may be difficult to name (or identify?) these practices for many reasons beyond issues with the scope of the Cochrane review database. This should be expanded on.

We have added several sentences and reworded some to better describe the pros and cons of other methods for identifying low-value practices.

> 8\) Introduction, paragraph three:. This paragraph hints at some of the good reasons to go \'beyond\' the CW lists to identify medical reversals, but these probably aren\'t obvious to readers unfamiliar with the campaign and I think really important to justify why a broader search strategy is necessary to identify low-value practices.

We have added an additional sentence to describe why we conducted this study in the way that we did.

> 9\) Introduction, paragraphs five and six: Referencing and focusing on the earlier study on the identified NEJM RCTs would make more sense here, rather than focus so much on the Schwartz 2014 study since the current article has very different aims/results compared to this paper.

The reviewer is correct in that our study has different aims than the Schwartz 2014 study. Our intent was to highlight the financial ramifications of low-value medical practices. Since the Schwartz paper only looked at the 26 most common practices, the financial outcomes of 396 practices could be even greater. However, because a financial analysis was out of the scope of our study and we were not able to calculate the total costs, we discussed the work by Schwartz and colleagues. We did augment this part of the Discussion by bringing in prior medical reversal findings by Prasad and colleagues (2013).

> 10\) Methods: For the second step (search out of systematic reviews)- how did the authors handle quality of SR/MA as well as instances where SR/MA\'s came to conflicting conclusions?

We did not do a formal analysis of the quality of the systematic reviews. Our preference was to use Cochrane Reviews because they are recognized for their high-quality methods in conducting systematic reviews and meta-analyses. Of the reversals that were confirmed by a review, 147 (70%) were confirmed by a Cochrane review. In cases where there was no Cochrane review and there were multiple reviews, we used ones that were newer and ones that population weighted their analysis. More detail has been added to the Methods section.

> 11\) Results: The aim of the article was to compile a list of medical reversals. This is a challenge for the Results section, because there are many possible descriptive statistics from this list that the authors could choose to present (Table 1) -- none of which is specific to the aim of the article. The Results (and/or Methods) section could improve with justification of why specific results were included.

We are picking a few ways to describe this data, but to be clear this is primarily a descriptive and not hypothesis driven work. We plan to publish our supplement on a website that will permit users to sort the reversals as they wish, and include a search engine. We are working with a web-developer to make this happen.

> 12\) Results: the paper does not appear to have been driven by a particular hypothesis- which makes it feel more like a gallery or reference work than a research report. It would have helped to give context if hypotheses were articulated and perhaps some relationships tested. For example, one wondered: who funded the \"reversal\" studies? How large were the reversals -- did they tend to barely pull SR estimates over the null, or did they exert decisive effects?

This work is primarily non-hypothesis driven, but descriptive. We appreciate the suggestion of adding the funding source to the reported data. We have added these data to the Results section, with additional detail given in the Methods.

> Related to the above- it is not immediately clear to the reader what the message is here. Clearly, it is sometimes important to run randomized trials, since there can be residual uncertainty about efficacy. But there is no point in running trials if something is already proven. So the manuscript leaves lots of questions unanswered- are too many treatments reversed? Is there not enough research aimed at reversals? Does too much time pass between uptake and reversal? What types of interventions are at greater risk of an extended period of \"reversal latency?\" A better concluding paragraph would help pull the piece together. Right now it sort of ends abruptly.
>
> 13\) Table 2 (and also the supplementary file 2 with all reversals) would be improved if they clearly stated the authors\' classification of the medical discipline and intervention type. The authors stated this as a potential limitation and potential disagreement/debate with readers in the Discussion, so including these in Table 2 would at least give some insight into the authors\' logic.

We have added a column to the Table 2 of the primary medical discipline for each medical practice reversal.

> 14\) The authors also state that they hope the full list of reversals would be a resource for \"de-adoption efforts\", so why not include the medical discipline in the supplementary file. This seems like an easy step to make it much more useful to specialists and policy-makers interested in disinvestment in their area.

We have added a column that specifies the primary medical discipline for each medical reversal. We will also be including the results of our analysis on a medical reversal website, which we are currently designing. A link to this website will be shared with *eLife*.

> 15\) It is also not clear how the supplementary file is organised. Why is there a split between the tables and references after intervention 57, 81 and so on? It would be helpful to have some headings or descriptions here. PubMed IDs (PMID) should be added to every entry for ready reference.

The supplemental file is arranged in reverse chronological order, by journal. As for the breaks in the table(s), this was done for purely practical reasons -- we started a new table when Endnote (the reference software we used) was about to crash. Access to a more powerful computer with specialized RAM capability would solve this issue by allowing us to create a single table with one set of references. The website will have links to all articles that we reference in our write-ups.

> 16\) Discussion, paragraph three: Makes a really good point about the patient \'accessed\' low-value care/reversals, which hasn\'t been discussed much in the literature before. Adding something about the need for direction/further research here would be useful to highlight this point more (such as how the public accesses or could be more aware of this evidence).

We thank the reviewer for this comment and have added a sentence on the need for discussion regarding these interventions and their use in everyday practice.

> 17\) Strengths and limitations: \"Studies were deemed inconclusive if they demonstrated neither clear benefit nor harm.\" The qualifier \'inconclusive\' may not be accounting for poor cost-effectiveness (e.g., inconclusive but at a cost, possibly more than a comparator). And harm is poorly measured in RCTs, certainly in relation to the trial evaluation and definitely in relation to its real world use, i.e., harms are incomprehensively measured, particularly those downstream harms (and costs). An \'inconclusive\' label should place the burden of proof back on the intervention champions/sponsors to prove safety and effectiveness, rather than let it be perceived as benign. Also the Methods section does not speak to trials that involved measures of equivalence or non-inferiority. If an intervention was found clinically equivalent/non-inferior did it evade further scrutiny in this study? An obvious concern here is marginal cost-effectiveness (i.e., EQ/NI but more expensive) or questions about sufficient measuring and reporting of harm. Please clarify.

These are excellent points by the reviewer. Inconclusive does consider cost-effectiveness as far as the practice works or does not work, although our coding did not explicitly use cost to judge these practices. Reversals are things that did not improve important outcomes, and so we were most interested in the effectiveness of an intervention instead of the cost value of it. Some entities did not make our list if they offered real benefits even tremendous marginal cost. In other words, there may be non-reversals that are not cost effective. However, in many of the studies where there were notable cost differentials between the two treatments, the more expensive intervention was also the novel intervention. There were a few studies that compared two established interventions, where one was the more expensive of the two. In this case, the newer, albeit established, and more expensive would have had to have shown greater benefit for the results to be considered positive. Also, we took our results and took them in the context in which the study was framed. If the study was a noninferior or equivalence study and the intervention met the noninferiority margin, it was considered positive. We have added a few sentences to the Methods section for clarification. As for measuring harm, we did find that some interventions were harmful in a statistically significant way, these studies were coded as negative because they did not meet their primary endpoint. The studies that were coded as inconclusive were ones that may have met their primary endpoint, but other endpoints were as or more meaningful to the patient as the primary endpoint. Such is the case with alteplase for survivors of stroke, where it did prolong overall survival but did not improve functional scores. In this case, there is debate about which outcome is the better one on which to make a conclusive decision about benefits.

> 18\) \"...and the conclusions needed to be based on results from RCTs only (not on observational or nonrandomized studies). Articles with MA/SRs refuting the reversal were excluded from the final analysis.\" But all RCTs are not created equal. Did you carry out quality appraisal and critique? Were RCTs with higher degrees of design rigour (adequate blinding, sham arms, use of appropriate comparator/s etc) offered more weight than those of less rigour? If not then might this mean your methods are quite conservative and therefore specific? (i.e., some of your excluded studies might be false negatives?) The last sentence in \'limitations\' indicates no quality appraisal was conducted. If so this heightens the risk of false negatives, and this would be a major limitation of the study.

We have added more detail of how the MA/SR were selected. We did not perform a formal evaluation of the quality of SR/MA. Our preference was to use a Cochrane Review because the quality of their reviews is well established, and in most cases, we were able to do so. In a number of instances, there was only one SR/MA to confirm or refute the reversal. In instances where there were multiple reviews, our methods were to use a Cochrane review first, then another review from a high-quality journal, with newer reviews having priority over older reviews, and reviews that population-weighted their analysis over ones that did not. As for the quality of the individual RCTs, we deferred to the SR/MA to report that.

[^1]: These authors contributed equally to this work.
